Background: As health behavior varies with increasing age, we aimed to examine the potential barriers in calling emergency medical services (EMS) after recognizing a stroke among 40-74-and 75-99-year-old adults. Methods: Data were obtained from a cross-sectional community-based study (FAST-RIGHT) that was conducted from January 2017 to May 2017 and involved adults (age ≥ 40 years) across 69 administrative areas in China. A subgroup of residents (153675) who recognized stroke symptoms was analyzed. Multivariable logistic regression models were performed in the 40-74 and 75-99 age groups, separately, to determine the factors associated with wait-and-see behaviors at the onset of a stroke.
Introduction
Stroke has become the leading cause of death and disability in China with its incidence increasing in recent times [1, 2] . Thrombolysis with intravenous alteplase reduces disability associated with acute ischemic stroke and improves patient outcomes. However, most patients fail to reach the hospital in time to qualify for reperfusion therapy [3, 4] . The main reason for this is the delayed arrival to the emergency department, with less than 25% of the patients arriving within 3 h [3, 4] . Evidence indicates that use of emergency medical services (EMS) use is crucial to reduce pre-hospital delay [4] [5] [6] [7] . However, the use of EMS at the time of stroke involves a complex "knowledge-toaction" process [8, 9] . Although recognition of stroke symptoms may prompt the intent to call EMS [10, 11] , knowledge of stroke does not necessarily imply that the individual will call EMS [9, 12, 13] . Thus, only some of the individuals who recognize the onset of a stroke will call an ambulance [9, 10, [12] [13] [14] , indicating a huge gap between the knowledge of stroke symptoms and appropriate action [6] . Our previous report from FAST-RIGHT also showed that 34.9% of adults recognized stroke onset but failed to call EMS [15] . Adults in the 75-99 age group are likely to experience stroke onset more frequently than those in the 40-74 age group [16] . However, greater disability and cognitive impairment, and the poor use of health care in the older population may negatively affect their behavior towards stroke onset [17, 18] . The potential factors behind wait-and-see behaviors may be different in the 75-99 age group. Therefore, based on data collected from the FAST-RIGHT study, we aimed to determine the risk factors associated with avoiding an immediate ambulance call when identifying stroke onset, and whether these factors differed between the 40-74 and 75-99 age groups.
Methods
The data were derived from the FAST-RIGHT database, which is part of the China National Stroke Screening Survey (CNSSS). More details of the CNSSS can be found on the CNSSS official website [19] , and have also been described in our previous publications [15, 20] . Briefly, the CNSSS was a cross-sectional community-based survey with a 2-stage stratified sampling framework based on county-level demographic data that was conducted between January 2017 and May 2017. The FAST-RIGHT study recruited 69 of the 221 administrative areas from the CNSSS and only screened residents aged 40 years and above in each community [15] . All participants were screened by trained research staff using a standard faceto-face questionnaire that covered information about socio-demographic, medical and family history, lifestyle factors, and included four specific questions regarding stroke awareness (See Additional file 1: Appendix 2). All screening data were transferred from questionnaires to an electronic database and checked centrally for completeness and errors by an experienced data manager. Finally, individuals who recognized stroke symptoms in the FAST-RIGHT study were analyzed for our report. The FAST-RIGHT study was approved by the central ethics committee of Peking Union Medical College Hospital (the principal study center), and all participants provided written informed consent.
Explanatory and outcome variables
We defined recognition of stroke symptoms as a participant's unprovoked awareness of "facial droop," "arm weakness," and "speech disturbances (slurred speech or word-finding difficulties)" [21] . Calling EMS immediately after the onset of any of these symptoms was regarded as the correct action in response to stroke. Choosing "Selfobservation at home" and "Call and wait for family member, and then go to hospital (Wait for family)" at the time of stroke were defined as detrimental "wait-and-see" behaviors. A reported history of stroke was confirmed by a neurologist or physician, who applied standard diagnostic criteria with any available brain neuroimaging data. The cardiovascular risk factors were hypertension, diabetes mellitus, dyslipidemia, atrial fibrillation (AF)/valvular heart disease, overweight/obesity, smoking, physical inactivity, and family history of stroke, which are based on standard definitions (See Additional file 1: Appendix 3). In terms of age, the participants were divided into the 40-74 age group and the 75-99 age group [16] .
Statistical analysis
All participants who recognized their stroke symptoms in the FAST-RIGHT study were included in the analysis. We performed descriptive analysis for socio-demographic data and some other related variables. Pearson's chi-squared tests were conducted to compare the two types of detrimental wait-and-see behaviors between the subgroups. Multivariable logistic regression analysis was performed to identify the factors associated with different wait-and-see behaviors after stroke recognition in the different age groups, and in the total study population. Adjusted odds ratios (ORs) and 95% confidence intervals (CIs) for each variable were calculated. All analyses were performed using SAS version 9.3, and a standard 2-sided P value (P < 0.05) was considered statistically significant.
Results
Out of the 187,723 respondents in the FAST-RIGHT database, 153,675 recognized the symptoms of stroke and were included in our final analysis with limited missing data (See Additional file 1: Table S1 and Figure S1 ). We also compared the sex and county sites between the different age groups. We found the higher age group (75-99 years old) with higher proportions of low education (65.5% vs 38.8%), low income (38.6% vs 24.3%), multiple children (91.1% vs 67.5%) and the single avenue to learn about stroke (47.2% vs 46.6%) were higher in 75-99 age group (See Additional file 1: Table S2 ). Avenues to gaining knowledge of stroke included higher usage of newspaper (30.0% vs 26.4%) and lower utilization of internet (3.5% vs. 8.4%) in 75-99 age group. However, we found that the usage of television, broadcast, and popular science and technology activity were similar between two groups. The most popular avenue was television (See Additional file 1: Table S3 ). The prevalence rate of stroke were 3.1% (4175/ 132587) in 40-49 age group, and 5.6% (1173/20983) for the 75-99 age group (See Additional file 1: Figure S2 ).
The rates of individuals choosing "self-observation at home" and "wait for family" option were 3.0% (n = 3912) and 31.7% (n = 42,071) in the 40-74 age group, and 3.5% (n = 738) and 33.1% (n = 6957) in the 75-99 age group, respectively (See Additional file 1: Table S4 ). The differences in the wait-and-see behaviors in both age groups are shown in Table 1 . The rates of inappropriate responses to stroke varied across the socio-demographic subgroups, but the most frequent response was to "wait for family, then go to hospital." Out of the total population, the 75- Table S6 ). However, about 30% did not intend to call EMS. Living alone showed low likelihood to wait for family (OR, 0.75; 95% CI, 0.70-0.80), but was not related to rejecting self-observation at home (See Additional file 1: Table S5 ). In the 75-99 age group, the absolute rate of waiting for family in those living alone was lower by 3.7%, compared with those living with a spouse.
The rates of staying at home for self-observation varied from 1.1-8.5% across the different subgroups in the 40-74 age group, and 1.3-8.2% in the 75-99 age group. The factors associated with "Self-observation at home" in the 40-74 age group, and the 75-99 age group are shown in Fig. 1 . Contrary to the 40-74 age group, income level and family history of stroke were not associated with staying at home in the 75-99 age group. Females younger than 75 years were less likely to wait for self-observation at home, but those over 75 years prefer self-observation at home (OR, 1.24; 95% CI: 1.06-1.46). Compared with urban area, rural individuals' odds of choosing "Self-observation at home" decreased by 26% in the 40-74 age group, while increased by 95% in the 75-99 age group. Those having relatives or colleagues afflicted by stroke were 59% more likely to stay at home for self-observation in the 40-74 age group, compared to 82% in the 75-99 age group. Figure 2 presents the associated factors with waiting for family. In the 40-74 age group, living in a rural location, and having multiple children indicated waiting for the family, while these factors did not affect the intents of individuals in the 75-99 age group. Similarly, females younger than 75 years old showed a decreased odds of waiting for family (OR, 0.91; 95% CI: 0.89-0.94), but there were no sex difference in those over 75 years. Higher education markedly decreased the odds of waiting for the family in the 40-74 age group, but increased the same odds in the 75-99 age group. Individuals with access to more avenues to learn about stroke were better at avoiding waiting across both age groups, and this effect was stronger in the 40-74 age group (60%) than in the 75-99 age group (47%). Stroke history and family history reduced the likelihood of waiting in the 40-74 age group, but did not in the 75-99 age group. Individuals with friends afflicted by stroke were more likely to wait for family in both groups with 15% increase in the younger age group and 31% increase in the older age group.
Discussion
Non-adjusted analysis of data from the FAST-RIGHT study shows that 34.7% of the study participants in the 40-74 age group, and 36.6% in the 75-99 age group did not call EMS first [15] , even though they had considered abnormal symptoms as "stroke onset." Similar to our results, 18.9% in Spain, [11] 28% in Sweden [22] , 33.6% in America [9] , and 35.5% in a small study in China [12] avoided calling an ambulance despite recognizing stroke onset. In clinical practice in China, this rate showed a significant increase to 82.1% [10] . Although several studies have reported a weak association between recognizing the onset of stroke and calling EMS, there is still a gap between knowledge and action [10] [11] [12] 23] . The main "alternative response" to stroke was to "call and wait for family, then go to hospital," which may result in inability to receive thrombolysis [4, 5] . We propose that both the rate of intent to use EMS and the rate of receiving thrombolysis would increase remarkably if targeted interventions were carried out to change the "Wait for family" behavior to an immediate call for ambulance assistance [24] .
In low-and middle-income countries including China, people aged 75 years and older had stroke incidence, prevalence, and mortality rates that were 18.8, 11.3, and 35.6 times more than those seen in people younger than 75 years, respectively [16] . Similarly, in our study, the stroke prevalence in the 75-99 age group was nearly twice as high as that in the 40-74 age group. Although the 75-99 age group was slightly more likely to call EMS after adjustment, the overall rate to call EMS did not increase significantly according to stroke risk. Hence, there is still the concern that the two age groups are not identical, and the reasons influencing their behaviors may be different. In our study, the associated socio-demographic factors were examined in the 40-74 and 75-99 age groups, separately, and significant differences were found.
Individuals in the 40-74 age group with multiple children, and those living with their family tended to wait for their family after stroke osnet. This suggests that family was a barrier to timely usage of EMS [15] . We identified several reasons for this hesitation. For example, some participants considered their family members more reliable and private transportation to be more efficient and convenient. Another concern was that they were unable to handle transactions due to lack of money and caregivers in the emergency department as the services provided are prepaid in Chinese hospitals [3] . To change their understanding of stroke onset and dispel misgivings, the "Green Channel" of emergency network for stroke should be publicized among residents in addition to education regarding the critical importance of time and the benefits of EMS usage [6] .
Living alone decreased the possibility of waiting for family, but contrary to our hypothesis, this did not mean these individuals avoided staying alone at home. Previous studies showed that less than 7% patients activated EMS by themselves, and most ambulance calls were made by bystanders [24] [25] [26] . If we considered the high rate of living alone in 75-99 age group with high stroke risk, living alone was more detrimental than living with family to effectively act at the time of stroke onset. Different from those living with family, individuals living alone are required to call the EMS themselves. It is thus reasonable to educate those living alone about using EMS.
Several studies indicated that having friends previously afflicted by stroke improved individuals' knowledge of stroke, but its effect on response to stroke onset remained unclear [27, 28] . In our study, having afflicted friends was associated with wait-and-see behaviors in both age groups. Unfortunately, further explanations cannot be provided due to limited data. The severity of stroke and prognosis of their acquaintances were not investigated and remained undetermined. It is possible that the afflicted acquaintances had minor strokes with good prognosis, leading our participants to ignore the severity and urgency of stroke onset. This unexpected funding suggests that direct stroke education is still necessary to individuals who have afflicted friends, and might underestimate the effects of a stroke.
Unexpectedly [13, 25, 29] , those in the 75-99 age group with higher education levels were more likely to wait for the family than were those with lower education levels, although the reasons for this finding are unclear. We speculate that they overestimated their judgment while their medical knowledge was lacking, and hence are of even greater concern. They probably considered the elapsed time as insignificant, underestimated the severity of stroke onset, and did not know the time required for the necessary diagnostic procedures before administration of recombinant tissue plasminogen activator [3, 14] .
Different for the 40-74 age group, stroke history, number of children, sex and family history did not affect the "Wait for family" behaviors in the 75-99 age group. It seems that their behavior pattern was more fixed and not susceptible to other factors. Compared with individuals in the 40-74 age group, those over 75 years' behaviors were not influenced by number of children, which might be because their children are older and are less able to transport them to the hospital. Although multiple avenues to learn about stroke decreased the odds of waiting for the family, as shown by previous reports [30, 31] , the reduction was markedly lower in the 75-99 age group. Moreover, they preferred a paper medium over the internet, despite visual impairment in over half of the population [32] . Therefore, the effect of stroke education may be limited in the 75-99 age group.
Females in the 40-74 age group tended to avoid staying at home and waiting for family when encountering stroke onset, which may be due to lower average education and fewer avenues to learn about stroke. Similarly, males in the 75-99 age group seemed performing better with small differences, though the reasons still remain complex, awaiting for exploration. However, other studies reported either no effect or controversial effect of sex on calling EMS [9, 10, 25] .
There are several limitations in our study. First, closedended questions were to establish why residents did not call EMS after identifying stroke onset, while the underlying reasons were varied [9] . Calling a taxi, visiting general practitioners, providing first aid, or 'something else' were the possible choices [3, 9] . Moreover, mobility difficulties were more common in the 75-99 age group, which probably influenced their options during stroke. However, this fact was not considered in our analysis. Additionally, our nonrandom sampling design and selection of adults over 40 years in China from the CNSSS might affect the results and thus generalization is limited [15] . The immediate response to stroke onset might be influenced by different socio economic features, behaviors, and healthcare system in different countries [9, 11] . Finally, our study could not provide direct reasons underlying differences between the two age groups, warranting further researches.
In summary, the rate of not immediately calling EMS after recognizing stroke onset was slightly higher in the 75-99 age group than in the 40-74 age group. Although the majority of wait-and-see behaviors involved waiting for family members, the barriers of calling ambulance were different in both age groups. The behavural pattern in the 75-99 age group seemed more fixed and less susceptible to family factors. This study emphasizes the need to bridge the gap between recognition of stroke symptoms and the appropriate action [9] . Strategies should differ between both age groups, for instance, the stroke knowledge delivery may be more effective via Internet in the 40-74 age group.
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